Introduction
This is a description of our experience during 1958-59 in utilizing an electronic computer, at the University of British Columbia Computing Centre, for the processing of psychiatric research data.
In our research we are studying "the natural history of psychiatric patients described chronologically and with regard to the factors that appear to determine the characteristic features at any given point in that natural history". (8) . Within the metropolitan Vancouver area, the University Department of Psychiatry is surveying hospitalized and ambulant patient-populations of various public and private psychiatric treatment facilities. For each patient we are attempting to determine the nature and course of referral; initial psychiatric contact and disposition; and subsequent psychiatric care. In addition, populations of various psychiatric facilities will be compared as to their demographic and social characteristics; ecologic distribution; inter-facility movement; and re-admission rates.
Patient information consists of psychosocial characteristics as well as data describing the nature and course of psychiatric contact. Populations being examined range in size from 300 to 1,100 patients, with from 24 to 128 characteristics or items of information per patient. Hand processing is inadequate for this data. With punch-cards and mechanical equipment, it is possible to count the number of patients having specified°R ead at the Annual Meeting of the Canadian Psychiatric Association, Ottawa, Ont., June, 1959. 'Assistant Professor, Dept. of Psychiatry, University of British Columbia.
-.Assistant, Computing Centre, University of British COlumbia. characteristics. However, much additional human effort is required for any further calculations, construction of tables, and tests of statistical significance.
In an attempt to reduce the total amount of human work required for the analyses of large amounts of data, the use of an electronic computer was explored.
Electronic Computers
A. General characteristics. An electronic digital computer IS a calculating machine. that:
(a) can make decisions. The computer can be instructed to select, at any stage in its operation, alternative courses of action depending on the nature of intermediate results. In the same sense, automatic telephone equipment makes decisions regarding the next operationwhen a line is dialled the equipment determines whether or not it is busy. If the line is not busy, the desired telephone buzzer is operated; otherwise the busy signal is sounded. For a computer the alternatives might be: if a specific number (the result of preceding numerical operations) is not negative, calculate its square root; otherwise calculate its reciprocal.
(b) is general purpose. Digital computers are versatile and can be utilized in a wide range of computations. (1-5, 7, 9-11) . ' (c) is automatic. It is able to execute lengthy sequences of elementary operations without human intervention.
(d) utilizes data in the form of characters which can be readily interpreted by the operator (decimal digits'and/or alphabetic characters).
(e) can store information which is subsequently available to the computer.
B. Specific characteristics of equipment utilized.
Further description applies specifically to the Alwac III-e computer at the University of British Columbia Computing Centre. The general components of the Alwac III-e are:
(a) Storage device ("memory"). This is a rotating magnetic drum upon which information is stored in the form of magnetized spots. Information may consist of commands, initial data or intermediate results. Storage capacity is 270,336 binary bits, equivalent to 78,000 decimal digits.
(b) Input device. Information may be transferred to the computer on teletype or punched paper tape via a photoelectric reader at the rate of 170 characters per second.
(c) Output device. Information may be transferred from the computer on punched paper tape· via an electromechanical punch at the rate of 60 characters per second.
The input-output equipment is required so that the computer can communicate with its external environment. A tape recorder is a more familiar device which has some of the above features. Information (sound) is input to "memory" (tape) via the input (recording) device and stored there in the form of magnetized spots. Information (recorded sound) is transferred from "memory" via the output (amplifying) device. Here the comparison ends, since the operations of a tape recorder are not determined by the information recorded on tape.
(d) Arithmetic and control units. These are systems of electronic circuits which execute the computer's functions. Addition, subtraction and other basic operations are performed at rates of up to 1,000 per second.
(e) Power supply unit. Information is conveyed to and from the computer by means of perforated paper tape. Input consists of instructions to the computer or preliminary data to be processed; while output consists of processed information. By means of a Flexowriter (operated as a typewriter), printed information is converted to coded perforations in paper tape. The conversion of information on punched paper tape to print is accomplished automatically by the Flexowriter at the rate of 10 characters per second (120 words per minute).
C. Programming. A program is an ordered sequence of elementary instructions (arithmetical, decisional, logical, input and output) written in the standard alphanumeric code (the "native language" of the computer). For example, the code for the instruction "multiply" is "e.I"; that for "read a character from paper tape" is "f1". The program is constructed so that if the first instruction (determined by the first code) is executed, then the second instruction (determined by the second code) is executed, then the third and so on, the end result is the desired one.
By means of a Flexowriter, the program information is transferred to punched paper tape and thence, via the input device, conveyed to a predetermined portion of "memory". The program is input in its proper sequence. Control can then be transferred to the internal control unit. Thus the computer's operations are governed solely by the program, although the operator can assume control at any instant by an external control panel. This panel continuously exhibits the performance of the computer and, in addition, indicates any misuse of the program on the part of the operator.
Let us consider an analogy which contains all the essential components for simulating the operations of a computer. Suppose we have a desk-calculator, a sheet of paper with numbered lines, a pencil with an eraser, and a girl who can read, write, operate the desk-calculator and only execute instructions that are written down for her. Also, the girl has been trained to always erase what is on a line before obeying an instruction to write another number on that line. Sup-pose we have a long list of numbers. We wish to have our computer take these numbers from our list one at a time (the electronic computer would read them from punched paper tape) ; to find subtotals of the first fifty numbers, the second fifty, and so on; and write out and hand us the totals as they become available (the electronic computer would punch paper tape). Our computer would be ready to solve this problem if we were to write the following instructions on the sheet:
(line one) write zero on line 11 (line two) write fifty on line 12 (line three) read the next number (line four) add it to the number on line 11
(line five) write this sum on line 11 (line six) subtract one from the number on line 12 (line seven) write this difference on line 12 (line eight) if this difference is not zero, return to the instruction on line 3, otherwise proceed to the next instruction (line nine) write down and hand me the number on line 11 (line ten) return to the instruction on line 1 (line eleven) (line twelve) This list of instructions is the program. For the non-human computer, it would, of course, be written in a code. Once the code has been punched on paper tape it can be copied by the computer into its 'memory'. When the machine starts to follow the program, it automatically copies the code for the first instruction into its control section. The circuitry is arranged so that this particular instruction is executed. (In a similar way, your dialing a telephone number sends an instruction code to the telephone exchange. There the circuitry is arranged so that your call is put through). When the instruction has been carried out, the computer automatically copies the next instruction, and so on, until the problem is solved.
Programming, then, consists of transforming the individual steps involved in a procedure into a sequence of computer operations which would accomplish the desired result. This requires:
(a) Explicit formulation of (i) arrangement and range of initial data (ii) desired processing scheme and mathematical analyses (iii) format of the proposed result (b) Knowledge of computer (c) Ingenuity in utilizing computer operations to maximum advantage in relation to the problem. In order to achieve optimum correlation between problem requirements and efficient computer use, the programmer and the psychiatric researcher should work in continuous close collaboration. Thus, it may be possible to design the program so that the computer accomplishes even more than was originally requested by the researcher. Since the construction of a program generally requires a considerable investment of time and money, it is preferable to utilize existing programs, if possible.
Once a program has been constructed correctly, operation of the computer is, in effect, automatic. Only a few additional human operations are required for subsequent data processing by the computer.
The Computing Centre maintains a library of the various programs which have been composed. These programs may be used by any extrauniversity organization.
Data Processing
This is an outline of our current procedures for processing psychiatric research data with the ALWAC III-e.
A. Patient data The categorization of patient information consists of classifying each characteristic, feature or quality into homogeneous classes, groups or sub-categories (generally not more than 16 in number, although it is possible to utilize classifications with a larger number of sub-categories). Each class or group is mutually exclusive, while the entire classification is exhaustive. Up to 256 characteristics per patient can be utilized.
After the qualitative or quantitative patient characteristics have been coded in numerical form, the data is transferred to punched paper tape by means of a Flexowriter. Since coded patient data is arranged in a uniform configuration or format, we have programmed the computer to draw attention automatically to any divergence from this form. This standard configuration for data will be maintained for any future programs. Thus all patient data may be utilized with any present or future programs.
B. Computer programs Since the Alwac III-e had not been used previously for the type of data processing we wished, there were no relevant programs available. Thus it was necessary for us to construct the various required programs. Each program for a particular scheme of operations is highly flexible since it is designed so that it is possible to specify tmy combinations of initial data to be processed rather than being restricted in some manner to only particular items. Each program has been co-ordinated to form an integrated processing scheme. In addition, these programs have been constructed so as to be able to deal with future increases in amount of data. These programs, which are in the Computing Centre library, have subsequently been employed for data processing in other fields, e.g., sociology and agricultural engineering.
1. Tabulation programs. Up to 54,000 items of patient information are stored within the computer at the rate of approximately 4,500 characteristics per minute. Subsequently, various types of tabulation are possible.
(a) Simple univariate tabulation. The computer counts the number of patients within the various sub-categories of any specified characteristic and outputs the number and calculated percentage distribution of patients in each group. This is completed in less than 90 seconds for 400 patients.
(b) Simple bivariate tabulation (twoway table). This gives the frequency distribution of patients simultaneously classified according to the various groups of any two specified characteristics, e.g., diagnosis by duration of stay. Output consists of two-way tables showing:
(i) Numerical frequency distribution (ii) Percentage frequency distribution, horizontally (iii) Percentage frequency distribution, vertically. In addition, the result of the chi-square test of homogeneity is calculated, if so desired.
For 400 patients, all tables are constructed and the desired information output in less than 25 minutes. The computer has been programmed to determine the variable dimensions of the tables, and to produce automatically the appropriate spacing, with minimum blank columns or rows. The operator need specify only the identification numbers of the characteristics to be tabulated. No additional instructions are required before the final output of the results which are suitable for publication.
(c) Complex multi-variate tabulations. For patients of a particular sub-group, the relation between the various sub-categories of any two other characteristics is tabulated. e.g., for married persons, diagnosis by duration of stay. Output format, timing and operations are the same as for a simple bivariate tabulation.
2. Epidemiology program. This program is for determining the distribution by place of a patient population categorized by various combinations of characteristics. From the individual patient data, the computer enumerates for each census-tract (or other geographical division) the number of patients having various specified clusters or constellations of characteristics. At one time the computer can ascertain up to 31 such clusters. Each of the 31 clusters can consist of up to 31 separate characteristics, while each specified characteristic may include up to 14 of its 16 subcategories. Thus, one cluster could be specific for up to 31 separate characteristics, such as age, marital status, diagnosis, etc.
The computer tallies for each censustract the sex-specific number of persons fitting each of the 31 specified clusters of characteristics. Each count is converted into annual morbidity rates based upon the appropriate Census population denominators, which have been stored in the computer's "memory". This is done for each census-tract or area, as well as for the entire region. In addition, the standard error of this morbidity rate is estimated.
Sufficient versatility and reserve are provided in the program so that manyfold increases in current population sizes can be dealt with. Annual rates can be derived for study periods varying from 1 to 6 months; for up to 159 census-areas, each having a sex-specific population of up to 65,000; and for up to 253 characteristics for each of an "unlimited" number of patients.
The time required for the computer to determine whether or not a single patient meets the specifications for all of the 31 clusters of characteristics is less than 24 seconds. Three minutes is necessary for the calculation and output for the 31 clusters of characteristics for a single census tract. This output (Fig. 1) includes the identifying captions and data for each sex (separately and combined) of:
(i) number of patients (ii) annual morbidity rate per 100,000 (iii) standard error of the morbidity rate. Lastly, similar calculations are performed and output for the entire geographical area -i.e., metropolitan Van-couver. The last tabulation includes a specific test of various prior procedures. This involves the calculation of a "checksum" representing the summation of the individual population-denominators in each census-tract. Output of an incorrect value indicates prior man-machine malfunction. In a study involving 800 patients, the final tabulations for 31 different clusters of characteristics distributed over 96 census tracts were on duplicating stencils after 10 hours of computer operation.
Another program has been constructed to determine whether the differences between sex-specific rates for each census tract and those for the total area are statistically significant. It is possible to vary the probability level at which these are tested. These tests of statistical significance can be done for the 62 sex-specific rates in a single census tract in less than 1 minute. Input consists of the output from the epidemiology program. Output is in the form of a list of the sex-specific rates in each census tract that differ significantly from the over-all rates.
3. Miscellaneous programs. Various programs for editing, verifying and sorting patient data on punched paper tape have also been constructed.
C. Output. ' Information is output from the computor in the form of punched paper tape. This punched paper tape may be mechanically translated to conventional printed tables by means of a Flexowriter at the rate of 120 words per minute. This does not require skilled operators. Since the various output formats are suitable for publication, stencils are cut directly by the Flexowriter.
Discussion
Computer processing of data is desirable in situations with some of the following features:
(i) the amount of data is large (ii) the calculations are complex 'Copies of the various tabulations described in this paper may be obtained from the authors. (iii) iterative operations are frequent (iv) minimum delay between data collection and processing is required (v) human intervention is to be reduced. It is of the utmost importance that the researcher present the programmer with an exact, concise and systematic description of the data processing desired. This should include not only the computational scheme but specific details as to the arrangement, amount and range of both initial data and final output. With early collaboration it may be possible to modify the arrangement of the raw data so that appropriate existing programs may be utilized. It should be emphasized that any modifications to raw data apply only to their arrangement and not to the basic research design. If no suitable programs exist, early collaboration may reduce the amount of effort and time required for program construction and preparation of collected data for computer input.
The computer programs outlined above enable us to convert patient information rapidly and accurately into fully processed tabulations describing various inter-relationships. There is considerable flexibility and exactness possible in the range and nature of relationships that can be determined. The computer performs these procedures with little human intervention. The researcher need specify only the type of processing and the particular characteristics involved, and, in a matter of minutes to hours, the computer can supply the complete tabulations.
The researcher thus has available a reliable, accurate and extremely rapid method of data processing which requires little further training or supervision of new personnel. The time interval between the coding of patient information and the production of final tabulations is short, and as a result the researcher has more time available for hypothesis construction and the interpretation of relationships. It is emphasized that the interpretation of the described relationships must be made by the researcher. Summary (i) Data processing by computers is rapid, accurate, flexible, reliable, and economically advantageous.
(ii) Computations which were previously impractical because of time/personnel requirements are now feasible.
(iii) Computer programs for various types of integrated data processing in psychiatric research have been satisfactorily designed and operated.
(iv) Once a computer program is available, delays or errors in data processing due to human limitations are minimum. There is less time required for training and supervision of personnel processing data.
(v) In psychiatric research, the interval between data collection and hypothesis testing is markedly reduced by the use of appropriate computer programs. As a result, the researcher has more time available for hypothesis construction and the interpretation of relationships.
Resume
Les calculatriceselectroniques automatiques peuvent servir dans la recherche en psychiatrie ou il faut faire l'analyse statistique de grandes quantites de donnees. Les auteurs relatent l'experience qu'ils ont connue en 1958-1959 lorsqu'ils se sont servis d'une calculatrice pour Ie traitement des donnees. L'article expose les principes generaux de preparation des programmes de calcul, et l'application specifique des methodes des calculatrices a la recherche epidemiologique des maladies psychiatriques fait l'objet d'une illustration.
Apres qu'on a mis au point les programmes de calcul appropries, il est possible de transformer les renseignements sur les malades en totalisations completement traitees decrivant les diverses inter-relations. On peut, avec beaucoup de souplesse et d'exactitude, determiner la gamme et la nature des rapports. La calculatrice effectue ces calculs avec bien peu d'intervention hu-maine et, en quelques minutes aquelques heures, les totalisations sont fournies, Le chercheur dispose done d'une methode fiable,exacte et extremement rapide de traitement des donnees, n'exigeant que peu de formation ou de surveillance du personnel. L'intervalle de temps entre Ie chiffrage des renseignements sur les malades et la production des totalisations definitives est court et, par suite, Ie chercheur a plus de temps a sa disposition pour l'edification d'hypotheses et l'interpretation des rapports. On souligne que Ie chercheur doit faire lui-memo l'interpretation des rapports mentionnes,
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